ABSTRACT Macrofaunal b~o n~a s s and production were studied at 6 sites on an intertidal mussel bed in the northern Wadden Sea near the island of Sylt (North Sea) in 1984 Mean biornass of the community w a s about 25 times h~g h e r (1243 g AFDW m-') than in other commumties of the Wadden Sea Of t h s biomass, 97 % was represented by the mussel M y t~l u s e d u l~s L Although associated fauna had a share of only 3 %, their absolute biomass of 35 g AFDW m-' is in the range reported for other intertidal communities of the Wadden Sea Annual producbon of the rnacrofaunal community (468 g AFDW m-2 yr-') was dominated by n~ussels (436 g AFDW m-2 yr-') P/B-rabo was very low for the total community (0 36) Annual production of associated macrofauna was much lower (31 g AFDW m-'yr-') but the P/Bratio (0 89) indicates a higher turnover rate Suspension feeders had the greatest share in secondary production followed by grazers Predators and detr~tus feeders were of lesser importance Biomass and production of individuals of higher mass dominated overwhelmingly over smaller size groups The main productive potential of the communlty is formed by the larger size classes These are of only minimal importance for predation Therefore the communlty can be divided into 2 functional compartn~ents (1) a storage compartment with a high productive potenbal leading to further increase in biomass or being spent for metabolic and reproductive requirements and (2) a turnover compartment with relatively low biomass and production but higher turnover The production of the turnover compartment is available to most predators
INTRODUCTION
Although biomass and production values have been reported for mussel populations from several coastal regions (Milne & Dunnet 1972 , Dare 1976 , Bayne & Worall 1980 , Kautsky 1981 , Briggs 1982 , Rodhouse et al. 1985 , Craeymeersch et al. 1986 , Smaal et al. 1986 ), up to now no attempt has been made to calculate the secondary production of a total mussel bed community. Such an investigation is necessary in order to estimate the amount of energy made available by community members to higher trophic levels. In this study the secondary production was calculated for each size class of each species of benthic macrofauna of an intertidal mussel bed community. The size spectra of prey preferred by predators are known (Voous 1962 , Ebling et al. 1964 , Milne & Dunnet 1972 , Swennen 1976 ) and thus the part of production utilized by predators could be estimated.
The main food and energy source of predators in beds of blue mussels Mytilus edulis L, is composed of juvenile mussels and other associated species. This part of the con~munity is characterized by high P/B ratjos and thus relatively rapid turnover. Juvenile mussels and associated fauna are combined in the 'turnover compartment' in this investigation. The production of the other part of the community consisting of larger mussels is subject to only little predation pressure. In addition larger mussels have low P/B ratios. Consequently this part of the total production will be stored as biomass. A 'storage compartment', composed of larger mussels, is therefore proposed. The division into 2 compartments revealed that storage of mussel bed production exceeds energy flow to higher trophic levels. This represents a fundamental difference to most benthic macrofauna conlmunities of intertidal waters. Nevertheless the production in mussel beds made available to predators is of the same order of magnitude as in other Wadden Sea communities.
MATERIALS AND METHODS
Study site. Thls inveshgation was carried out in the northern Wadden Sea (North Sea) near the Island of Sylt from December 1983 untiI November 1984 ( h g . l ) . The ~nveshgated mussel ground In the outer Konigshafen borders the tidal flats at the low water mark (Fig. 2) . In this area, mussel beds of varying size and hde pools bulld up a dense mosaic. The mussel beds are covered with water for about 10 h within a tidal cycle. The hdal range in this area is 1.80 m, which 1s also the mean water depth at the study site during hlgh water. Sampling. Macrofaunal biomass and production were studied at 6 sites on the mussel ground (Fig. 2) . Every month 5 sediment cores of 100 cm2 and 30 cm depth were taken trom each site. After separating the macrofauna Living on the sediment surface, all samples were sieved (0.5 mm mesh size). In each sample, shell length of mussels Mytilus edulis, shell height of penwinkles Lttonna littorea, and shell diameter of barnacles Semibalanus balanoldes and Balanus crenatus were measured In order to divide these populations into size classes. The remaining macrofauna populations showed a narrow size range, so that it was sufficient to determine lndivldual weight of each specimen found.
Separation into size classes. Separation of Mytllus edulis shells into groups of different age is d~fficult Fig. 2 . The investigation area, outer Konigshafen, showlng the mterhdal area covered with mussel beds (chequered). Numbers 1 to 6 mark the different study sites. Stippling indicates areas above mean high water level. Dotted line represents mean low water level because of the lack of clear annual rings. However this problem was overcome by means of length frequency curves, in which hfferent size classes could be distingushed. Fig. 3A shows examples for M. edulis at the beginning, mlddle and end of the studied growing season. Three maxima could be distinguished in the range above 30 mm. Thus this range was divided into 3 size classes (Fig. 3A , Table l A ) . Below 30 mm, another 3 different size classes could be differentiated. Young mussels tlrst appeared in June and formed an additional size group. The boundaries between the different size classes moved upwards with growth in shell length (Table l A ) , but were still recognizable at the end of the growing season. The populatlon of Littorina littorea showed 3 separate size classes (Fig. 3B) . Young snalls joined the population from June onwards, while the class ot largest specimens left the mussel bed. The boundaries between the cohorts moved upwards distinctly during the growing season (Table 1B) The populatlon of the 2 barnacle species were separated into size classes by means of shell diameter frequency histograms (Fig. 3C, D) . At the beginning of the inveshgahon, only one size class was recognizable in both barnacle species. A spatfall of Semibalanus balanoides In spnng resulted in an additional size class. Members of the 2 size classes could be distinguished by eye. Larger specimens produced a clear white growth Table 2) . At each sampling, 30 to 40 individuals of each species representing the total size range of the population were prepared for determination of total ashfree dry weight to obtain a size-weight distribution. This distribution was then used to calculate the biomass of the total sampled material.
Biomass determination. Individual weights of mussels, periwinkles and barnacles were determined using the size-weight relat~ons and summed to obtain the biomass. The biomass of other associated fauna was weighed directly. Material for biomass determinations was dried at 75 to 100°C for 3 d. Ash content was determined after combustion in a furnace at 500°C for 24 h. All weight and biomass data are given as ashfree dry weight.
Determination of production. For the 4 dominant species production per m2 at each site was calculated where P = production for a time interval; G , and = mean individual weights of a size class at sampling dates 1 and 2; and El and 62 = mean numerical densities of a size class at sampling dates 1 and 2. The production of rare species with lower biomasses was calculated from their mean annual biomass and the annual P/B ratio calculated for each species after the recommendations of Banse & Mosher (1980) . Production of each time interval was converted to daily production, which was then summed to obtain monthly production. Since the investigation started on 13 Dec 1983 monthly production was calculated from the 15th of a month to the 15th of the following month.
Length growth of mussels was determined from the monthly changes of mean shell length for each size class. As a check the length growth of marked mussels of different size classes was measured monthly. Annual growth was expressed by the growth equation of Bertalanffy L, = L,(1 -eCk'), where L, is the shell length of a mussel at the beginning of the growing season and L, the maximum potential size. L, and k were determined using a Ford Walford plot (Fig. 6) . L, results from the intersection of the calculated regression line and the 45" line. At this point L, = L,,,. The value of k is calculated from the slope of the regression line of best fit, which is equal to the expression e P k in the Bertalanffy growth curve.
RESULTS

Biornass of Mytilus edulis
The investigated Mytilus edulis population originated from a series of dense settlements in 1979 and 1980. At this location rich mussel beds existed earlier but in the very severe winter of 1978/79 they died, so that in summer 1979 only bare sand flats were left. In autumn and winter 19?9/80 mussels about 6 mo old were transported by currents from sublittoral mussel beds to the study area and formed a dense secondary settlement (Reise' pers. comm.) .
Mean annual biomass of the Mytilus edulis community was 1243 g AFDW mP2. Of this, 97 % (i.e. 1208 g AFDW m-') was represented by M. edulis (Table 3) . Distinct spatial differences existed between the 6 sites of the mussel bed (883 to 1445 g AFDW m-'). Some of the spatial variation in bioniass is explained by a patchy algal cover of bladderwrack Fucus vesiculosus f. mytili (Nienburg) Nienhuis (covered mussel beds: 885 to 1045 g AFDW m-'; uncovered areas: 1254 to 1445 g AFDW m-').
Biomass of the Mjltilus edulis population varied only moderately over the year (Fig. 4A) . From December to February the biomass remained nearly constant. Although the individual weights of the large size classes increased to relatively high values in March and April as a result of the development of spawning products, the mean individual weight of the total population rose only slightly. After spawning in April the individuals of the largest size group had minimum individual weights. The mean individual weight of the total population showed no significant changes until June. From June to September the individual weights of all size classes and thus the total biomass increased.
The abundance of Mytilus edulis was constant over the year (1631 k 151 ind m-'). Only in January and April were abundances more than one standard deviation higher than the annual mean observed (1820 ind m-2). These dense aggregations resulted from active movements of the mussels. In October storms thinned the M. edulis population in the mussel beds down to 1382 ind m-2. During calmer weather in November they aggregated again.
Biomass of associated macrofauna. The macrofauna of the mussel bed consisted of mobile and sessile epifauna, endofauna of the mud, and species of fishes and shrimps. Without mussels the mean annual biomass of macrofauna was 35 g AFDW m-' (mean of all 6 sites). The spatial variation between the sites was low ranging from 30 to 42 g AFDW m-2. There was no significant correlation between the density of mussels and that of the associated fauna. Macrofaunal density was very similar in algal-covered and uncovered areas. The biomass of macrofauna associated with Mytilus edulis was composed to 89 O/O of 18 epibenthic species and only to 11 O/O of 22 endobenthic species.
Grazing organisms, mainly httorina littorea, predominated with 61 % of the associated faunal biomass, followed by suspension feeders (29 O/O; mainly barnacles Balanus crenatus and Semibalanus balanoides), predators (7 %) and detritus feeders (3 %). Predators occurred regularly in the mussel bed, but larger individuals leaving the mussel bed during emersion were not considered in this investigation (hermit crabs Eupagurus bernhardus, large shore crabs Carcinus maenas, brown shrimps Crangon crangon and gobies Pornatoschistus microps and P. minutus). However, there were several predatory species permanently present. T h s group was dominated by young shore crabs and the nemertines Lineus rriridis and Amphiporus lactifloreus. The omnivorous species Nereis virens and N. diversicolor were also considered as members of the trophic group of predators.
Many species live in the sediment between the mussels. Most of these belong to trophic group of detritus feeders like the polychaetes Heterornastus filiformis, Capitella capitata, Malacocerus fuliginosus and Tharyx rnarioni. However biomass was dominated by the oligochaetes Tubifex sp. and Tubificoides benedenii. Detritus feeders had the highest number of species but their biomass was low.
Littoi-ina littorea had a mean biomass of 20 g AFDW m-', r a n k~n g second to Mytilus edulis ( Table 3 ) . The biomass decreased with some fluctuations from December to July (Fig. 4B ) (highest values: 33 to 65 g AFDW m-', lowest values: 2 to 16 g AFDW m-'). The fluctuations were caused by the oldest and largest size class. Individuals of this class gathered in the mussel bed in winter. In spring many of them migrated into the adjacent flats and tide pools to graze on microalgae and macroalgal germlings. The biomass increase in August was caused by a younger generation.
Barnacles formed a large portion of the associated macrofaunal biomass (Table 3) . Sernibalanus balanoides had the greatest share in associated macrofaunal biomass (14 O/O) followed by Balanus cr-enatus (10 %) while the biomass of Elminius modestus was negligible. Barnacles had a very patchy distribution. able 3. Trophic level, mean biomass, annual production and annual P/B ratio of macrofauna in the study area. Underlined P/B atios are calculated from biomass and production measurements. For other macrofauna production was calculated from mean iomass using the P/B raho after Banse & Mosher (1980 
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(A) Myiilus edulis; ( B ) Littonna lliiorea; ( C ) Sernibalanus balano~des; ( D ) Balanus crenatus
Young S. balanoides settled in April and May, but only at Sites 1, 2 and 6 was the settlement measurable. Older individuals were found at all sites in varying numbers. Algal-covered sites had a lower biomass of S. balanoides than uncovered sites (0.1 to 0.5 vs 2 to 4 g AFDW m-'). Dense aggregations of up to 20 g AFDW m-' were measured. Mean monthly biomass of S. balanoides was characterized by low values from June when older specimens dominated the population (Fig.  4C ). In the second half of the year, biomass values were high and dominated by young specimens. In contrast to all these species there was no increase in biomass initiated by young Balanus crenatus. This species had a patchy distribution (range of mean annual biomass: 1 to 10 g AFDW m-'). The mean monthly biomass is presented in Fig. 4D .
Production of Mytilus edulis
Mytilus edulis accounted for 93 % (corresponding to 437 g AFDW m-' yr-') of total annual production of the mussel bed community (468 g AFDW m-2 yr-l). The annual production of M. edulis varied from 239 to 601 g AFDW mP2 yr-l between the 6 sites ( Fig. 5) . Highest production was measured at Sites 5 and 6. The mussel beds of these sites showed no algal coverage and were sheltered from intensive wave action. Production of beds covered with bladderwrack (Sites 4 and 3) was distinctly lowered. But uncovered beds (1 and 2) with higher exposure to strong wave action also had lower annual production.
The largest and oldest individuals generated the most important part of the production of the Mytilus (Fig. 5 ). Therefore the P/B ratio of the population was distinctly lower than 1 at all si.tes investigated. The P/B ratio of the older cohorts decreased to 0.2 whereas the P/B ratios of the younger cohorts lay between 1 and 2. Mean montl~ly production was highest from June to August (Fig. 4A) representing 48 % of annual production. The lowest monthly production was measured during the spawning season in April and May when mussels lost a considerable part of their body weight. These losses were as high as 37 O/ O of net annual production. This means that a large amount of material produced by the mussels is removed from the system. The energy spent by the mussels in this way is necessary to secure reproduction. On the other hand larvae and eggs of mussels enter the pelagic food chain and thus become important to another subsystem. The material lost due to overwintering metabolic requirements was 12 % of total net production in the very mild winter of 1983/84.
The maximum potential length L, of the mussels was 61.5 mm (Fig. 6) . Comparing the mean shell length of the largest size cohort with the maximum potential size reveals that these older mussels had not attained their maximum size. The length growth rates, estimated from the Ford Walford plot (Fig. 6) were low (k = 0.17 to 0.30) compared to mussel beds dominated by younger mussels.
Production of associated macrofauna
The associated fauna produced 31 g AFDW m-2 yr-' ( Table 3) . This corresponds to only 7 % of total annual community production in the mussel bed.
Benthic suspension-feeding animals, mainly barnacles, accounted for the largest share in this production Size spectra of biomass and production (40 %). Production of Semibalanus balanoides was low in winter and increased in spring and summer (Fig.  4C) . Production of the population was dominated by young barnacles. The production of this size class was very high in May, the month after settlement. Latersettled individuals exhibited lower production rates. The varying rates were a result of food supply. The high production of young barnacles coincided with the bloom of diatoms in May and August (R. Asn~us unpubl.). Production of Balanus crenatus showed lower values in March and June than in other months (Fig.  4D ). The production of this population was due to one size class only and showed a slightly negative trend in abundance during the year investigated. The part of grazers, mainly Littorina littorea, in the production of the associated fauna was similar to that of suspension feeders (37 %). L. littorea had a mean annual production of 10 g AFDW m-2 yr-' (Table 3) . Young specimens showed negative production values from December to April, while this critical period was shorter for adults (February to April). The main part of production was formed in summer (June to August) (Fig. 4B) . Afterwards production declined.
In contrast to grazers and suspension feeders, predators (16 O/O of total production of associated macrofauna) and detritus feeders (7 %) were of lesser importance for the total production ( Table 3 ).
The biomass size distribution demonstrates an enormous superiority of larger individuals over smaller size groups. The biomass over the total size range was thus increasing exponentially from lower to higher size classes.
The biomass of different trophic groups had strongly varying size distributions. The main portion of biomass of the investigated community was built up by suspension-feeding animals, which were found within a size range of individual weight from 1.78 to 0.0003 g AFDW (Fig. 7) . On a logarithmic scale biomass values of suspension feeders decreased from the highest to the lowest size class. In the upper size range between 0.1 g and 1.78 g AFDW the community bion~ass was represented only by suspension feeders. In the next lower size range between 0.1 and 0.01 g AFDW suspension feeders were also dominant.
Grazers showed a similar size distribution of biomass, but the range in this trophic group was only from 0.1 to 0.003 g AFDW. Predators occurring permanently in the mussel bed were found in the same size range a s grazers showing maximum biomass at a n individual weight of 0.01 g AFDW. The maximum biomass of detritus feeders was concentrated in the smaller size groups. Their size spectrum extended from 0.03 to 0.0002 g AFDW.
Although P/B ratios in small organisms are higher than in larger organisms, the production size spectrum is very similar to the biomass size spectrum (Fig. 8) . The greatest production is likewise concentrated in the upper size classes and gradually decreases over the total range to small size classes.
DISCUSSION
Biomass of Mytilus edulis
The mean annual biomass of 1208 g AFDW m-' of the Mytilus edulis population in the Konigshafen area is con~parable to the biomass values reported by Dare (1976) , which were the highest values reported for natural mussel beds. Intertidal mussel beds are places of high macrofaunal density (Table 4) . There are only few benthic communities with a similar dense aggregation of bion~ass to beds of blue mussels. In most cases the main component of those benthic communities also consists of suspension feeders. In intertidal waters, the biomass of cockle beds (Beukema 1982) Insufficient investigations have been made on the problem of a n upper limit for density and mass of animal aggregations. Up to now it is unknown to what extent the range of such a carrying capacity can vary. Maximum biomass values of about 1.5 kg AFDW m-2 led Dare (1976) to his suggestion that this value was approximately the carrying capacity of his area of investigation. Maximum biomass values of the present study range in the same order of magnitude (1.2 to 1.9 kg AFDW m-2). The development of such maximum standing stock values in general seems to depend on a sufficient food supply, which can only be met by a pelagic food source. Therefore the high food demand of a high standing stock can only be satisfied by energy transported by tides and currents. Thus such densely aggregated animal communities depend on the import and export situation of adjacent areas.
Where mussel beds of this study were covered with Fucus vesiculosus f. mytili their biomass (and presumably potential carrying capacity) was distinctly reduced. This is in contrast to the theory of Nienburg (1925) , who described the association Fucus vesiculosus f . mytili with Mytilus edulis as a symbiosis between these 2 species, as a result of morphological characteristics of the F. vesiculosus f. mytili plants. Beukema 1974 , Beukema et al. 1978 ) ( Table 5 ). In Konigshafen, 41 macrofauna species could be identified and, considering that some species occurred irregularly, the number of species is in the same order of magnitude as that found by Briggs (1982) in Lough Foyle (34 species). Up to now the quantitative aspect of the fauna associated with Mytilus edulis has hardly been investigated.
Although the production of faeces and pseudofaeces of mussels provides a rich food supply for detritusfeeding animals, the biomass of detritus feeders was far below all other trophic groups of the community and also less than biomass of detritus feeders of the adjacent areas (Table 5) (Asmus 1984 , Asmus & Asmus 1985 . Oxygen deficiency and production of H2S in the sediment under the mussel bed may be the main reason for a reduction of biomass of endofauna species. Similar observations were made in sediments under mussels cultured on hanging long lines. Under these cultures the original benthic fauna is replaced successively by opportunistic polychaetes which show fluctuations in abundance due to changes in the position of the redoxcline (Mattson & Linden 1983) . Tenore et al. (1982) demonstrate that in a coastal embayment with little activity in culturing mussels a diverse infauna assemblage with high biomass occurs, whereas in an embayment with high activity of mussel culturing only a low biomass was found. Because in Tenore's investigation no oxygen deficiencies were measured in the bottom water, it follows that some other sediment property was unfavourable for infaunal life. In the present study anaerobic conditions of the sediment were obvious, and therefore the most probable reason for a low biomass of the infauna.
Biomass of associated fauna Production of Mytilus edulis
The biomass of the associated fauna was found to be The Mytilus edulis population in this study shows a very similar to other intertidal benthic communities of size spectrum with maximum abundance for the larger the Wadden Sea (Asmus 1982 , Asmus & Asmus 1985 sized mussels. Previous studies on M. edulis also Biomass and production values without MyOlus edulis recorded high secondary production (Table 6 ). Dare (1976) noted that production was highest in the first year after settlement and later decreased because of higher mortality. The low production measured by Rodhouse et al. (1985) and Milne & Dunnet (1972) resulted from the dominance of older and larger mussels compared to the young population investigated by Dare (1976) . In this investigation P/B ratios of Mytilus edulis varied d u e to different proportions of size classes in the population. Individuals of the smallest size showed P/B ratios between 1 and 2 whereas the older individuals (4 to 5 yr old) were characterized by low values of 0.2. Because older mussels with low P/B ratios predominate, the P/B ratio of the whole population is 0.36. Bayne & Worrall (1980) showed that individual production of M. edulis from 2 populations was very variable, especially d u e to year classes. P/B ratios of young mussels are up to tenfold higher than older ones. Literature values for annual P/B ratios present a wide range from 0.10 for older specimens (Bayne & Worrall 1980) to 3.4 for individuals just settled (Dare 1976) . Allometric P/B scaling is often used for estimation of secondary production. Reasonable estimates of production and its distribution among size groups are found using this method in natural communities (Schwinghamer e t al. 1986 ). Banse & Mosher (1980) propose a relation between the annual P/B value and the mass of an individual during maturation, which is suggested to b e valid over a wide range of ammal species. Because M. edulis matures early (i.e. a t a size of 15 to 20 mm or 0.04 g AFDW) (Suchanek 1981) , the P/B value, estimated following Banse's P/B mass ratio, is 3.4. This P/B ratio is equivalent only to that of very young mussels, and overestimates the P/B ratio for larger mussels. In contrast, the P/B mass ratio of Banse & Mosher (1980) is very useful for calculations of production, if the mass at maturity is similar to the mean individual weight of the population studied or if the biomass of the population is so low that errors in measuring production would be greater than errors from usage of the mass P/B equation. For populations with a wide size range like M.
edulis this equation has to be used with care. Another equabon, which correlates P/B ratio and life span (Robertson 1979) , gives an annual P/B ratio of 0.86. This is in good agreement with mean values of the empirical data range for M. edulis u p to now. For the dominant parts of a community showing in most cases a wide slze range, it is not possible to consider a P/B ratio a s a constant factor in the calculation of production because P/B ratios show a great variability and are dependent upon the dfferent growth conditions and age structure of the population. A P/B ratio however is a useful index for characterizing the conditions for production in a population.
Production of associated macrofauna
Until now no study has been made dealing with the production of the total fauna1 assemblage of a mussel bed. Production of the fauna associated with Mytilus edulis was found to be 31 g AFDW m-2 yr-l. This production is dominated by filter feeders; especially barnacles. Benthlc grazers also are very important for the production. Herbivorous forms represent threequarters of the production of the non-Mytilus macrofauna. The production of predators 1s only 16 % of the total non-Mytilus macrofauna. The percentage of production of detritus feeders is even lower. The associ- ated fauna of mussel beds shows a higher P/B ratio than the mussels themselves. But in spite of intense production no biomass increase could be found over the year. Thus we can assume the turnover of the associated macrofauna assemblage as well as the turnover of small mussels was more rapid than that of the adult mussel population.
Size spectra of biomass and production
The size distributions of biomass and production of the different trophic groups of the community show similar patterns. Large suspension feeders are the main producers. Because of their size these suspension feeders are not utilized by most of the predator species.
Carcinus maenas is the main invertebrate predator in the mussel beds of Konigshafen. Direct feeding on Mytilus edulisis often observed (Scherer & Reise 1981) . In cage experiments 3 size groups of mussels were fed to C. maenas (up to 57 mm carapace width; Ebling et al. 1964) . Mussels of the largest group (>45 mm) were almost spared, from the medium sized group (25 to 37 mm) only very few mussels were taken, whereas in the smallest group (< 21 mm) the most intense feeding was observed. The impact of other predators found in this community is mainly on the associated fauna. Migrating predators also have a strong influence on intertidal benthic communities (Arntz 1978 , Menge 1976 , Paine 1971 , Reise 1978 but their significance in mussel beds has not yet been studied. The size spectra of mussels preferred by fishes is also unknown, but it is possible that fishes also feed more intensively on the associated fauna than on large mussels.
It is often demonstrated that the main part of the production of a mussel population is consumed by birds (Belopolskii 1961 , Kautsky 1981 , Swennen 1976 . Mussels are the main food for eiders, long-tailed ducks, common scoters and goldeneyes which visit the Wadden Sea especially in winter (Swennen 1976 , Voous 1962 . During low water oystercatchers and gulls feed on mussels and their associated fauna (Milne & Dunnet 1972) . Birds were found to consume most of the production of the Mytilus edulis population (Milne & Dunnet 1972 , Craeymeersch et al. 1986 ).
In contrast, where rapid growth of the population leads to physical instability of the mussel bed, much of the organic production of the mussel population is dissipated to decomposers and detrital food chains (Dare 1976) . The mussel population of Konigshafen is characterized by low biomass and production in the important prey class. But the predation impact on Mytilus edulis of this size class may be lowered because the production of the associated fauna is also available and thus reduces the demand on mussels. This may be a kind of buffering effect on mussel predation. The production of the larger size classes is stored in animal tissue, used for reproduction or for metabolism during low food supply. This is important in the functioning of the ecosystem, especially the nutrient budget and the import and export of food to and from the adjacent communities of the whole intertidal flat.
Production rank curve
The production rank curve of the community (Fig. 9 ) is similar to those found by Warwick (1982) for a sublittoral Modiolus modiolus community dominated by suspension feeders. Warwick (1982) found that such a distribution typical for suspension-feeding communities is in contrast to that typical for a depositfeeder community. Warwick's production rank curves are based on the percentages of total production by single species. Thus these rank curves are independent of the absolute value. The percentage of the lower ranked species seems to b e negligible, but actually the production of these species is just as high as in a mixed community and shows per se similar relationships between the proportions of the production of species. Although the main part of community production is concentrated in Mytilus edulis, production of the associated fauna is within the same range as the community production of other intertidal areas. The dominating species has no competitive effect on the production of the associated fauna. Mussel beds contrast to intertidal sand bottom communities in that the species composition is different and the main share of biomass and production of the community is shifted to the epibenthos (Asmus & Asmus 1985) .
CONCLUSIONS
Role of mussel bed community in intertidal ecosystem
The biomass of the investigated mussel bed is in the range of the highest values found in studies of other marine benthic communities. Although the low P/B ratio suggests that the optimum of growth conditions has been exceeded, the production of the community is high. The main productive potential is developed by larger size classes which are 'only of minimal importance for predation. Therefore the community can be divided into 2 functional compartments (Fig 10) : One is a 'storage compartment', with a great productive potential leading to a further increase in biomass or being spent for metabolic and reproductive requirements. The energy demand of this compartment is higher than the community habitat can afford, so that it needs auxiliary energy from outside. This compartment governs import and export of nutrients as well as oxygen and forms the chemical and physical conditions for the community. The other compartment, the 'turnover compartment', is of relative low biomass and production. The P/B ratios in this group are high and indicate a higher turnover than in the 'storage compartment'. The role of the mussel bed as a feeding area is concentrated in this functional group, because the productive potential is available mainly to predators. Because young mussels are also members of t h s 'turnover compartment', the buffering effect of the associated macrofauna on predation may be important for young mussels to succeed in growing up to the storage compartment. So despite their relative low biomass and production the associated macrofauna has a key function in the development of intertidal mussel beds which have an important impact on the whole tidal flat ecosystem. 
